Abstract-It is shown for the first time that the addition of ultrasmall amounts of single wall carbon nano tubes leads to a significant increase in the main mechanical characteristics of the crosslinked poly(urethane urea) elastomer. The elastic modulus and the tensile strength pass through maxima as the nanotube concen tration is increased from 0 to 0.018 wt %; at a nanotube concentration of 0.002 wt %, the maximum values of the modulus and strength are higher by factors of 2.5 and 1.5, respectively, than the corresponding values for the unfilled polymer. The thermomechanical, spectral, and structural characteristics of nanomodified elas tomers are investigated, and possible causes of change in their mechanical parameters are discussed.
INTRODUCTION
The advantageous effect of additives of carbon nanomaterials, specifically, fullerene and carbon nan otubes, on the properties of various polymers has been repeatedly described in many papers surveyed in reviews, for example, [1] [2] [3] [4] [5] . For example, small fullerene additives substantially change the perfor mance behavior of polymeric materials. As a rule, strength properties, heat resistance, thermal stability, conductivity, and antifriction behavior noticeably increase [1] . The data on the effect of small additives of fullerene С 60 on the mechanical properties of the poly(urethane urea) elastomer reported in [6] seem unexpected: The concentration dependences of ten sile strength, relative elongation at break, and elastic modulus of the modified polymer are described by curves with maxima in a narrow range of fullerene concentrations (0.007-0.03 wt %). The maximum strength, elongation, and modulus are 30, 70, and 20% higher, respectively, than the corresponding parame ters for the initial poly(urethane urea) elastomer and are attained at a C 60 concentration of ~ 0.015 wt %.
The study of polymer composites containing car bon nanotubes (CNTs) was initiated shortly after the discovery of these tubes in 1991 [7] . Thus, Treacy et al. [8], who found that CNTs possess an extremely high value of Young's modulus (more than 2 TPa), sug gested that they may serve as more effective reinforc ing fillers of composite materials than conventionally used carbon fibers.
In fact, it was discovered that the addition of small amounts of nanotubes to polymers (1-2 wt % and sometimes even at a level of 0.01-0.3 wt %) [9-11]) significantly increases the elastic moduli of the poly mers and their tensile strength. Sometimes, the ther mal and electrical conductivities of several modified polymers increase sharply after a percolation thresh old of ~0.01 wt % is attained [4, 12, 13] . However, no published data are available on the influence of CNT additives taken in amounts much smaller than 0.01 wt % on the properties of CNT based polymer composites.
In this study, the mechanical and structural charac teristics of nanocomposites based on crosslinked poly(urethane urea) elastomer (PU) and ultrasmall additives of well characterized single wall carbon nan otubes are studied.
The studied PU is prepared by the thermal curing of oligo(tetramethylene oxide) based diisocyanate, whose isocyanate groups are blocked by ε caprolac tam, with aromatic diamine. The use of this technique makes it possible to synthesize the initial oligomer containing the dissolved curing agent, which may be stored for many years under normal conditions with out any noticeable changes. [14] and purified by oxidation in the gaseous phase to a content of 95%. Nanotubes were 1.2-1.6 nm in diameter and ~1.0 nm in length [15] . After purification, nanotubes occurred in a strongly agglomerated state in the form of bunches with thick nesses from 50 to 150 nm. According to the nitrogen adsorption measurements, the specific surface area of the nanotube powder was ~400 m 2 /g. The prepolymer was prepared by the interaction of Adiprene L 100 macrodiisocyanate based on oligo(tetramethylene oxide) (M n = 1400, Surel Ltd., Russia) and 2,4 toluylene diisocyanate with an equimolar amount of ε caprolactam with respect to NCO groups. The reaction was conducted at 90°C until complete consumption of isocyanate groups was achieved. This process was monitored by IR spectros copy from the disappearance of the absorption band at 2270 cm -1 (~4 h). After cooling, the curing agent 1 ethyl 2,6 diaminobenzene (Ethacure 100; Albe Marle S.A., United Kingdom) was added to the oligo mer at a ratio of NH 2 : NCO = 0.95 : 1.
Properties of Nanocomposites Based on Crosslinked

Preparation of the Crosslinked Poly(urethane urea)
Elastomer Modified with CNTs CNTs were dispersed in dichloroethane via ultra sound treatment in a UZDN 1 setup at a frequency of 22 MHz and a power of the ultrasonic generator of 200 W. In all experiments, ultrasound dispersion was performed in a volume of the liquid medium of 20 ml, and the amount of nanotubes was varied from 0.5 to 18.0 mg. The temperature of the medium during ultrasound treatment was maintained within 55-60°С.
The as prepared suspension was immediately added to 100 g of the prepolymer under stirring, and the intensely stirred mixture was evacuated to remove the solvent and was poured into dumbbell shaped molds according to ASTM D 638. The curing of PU was performed at 140°C for 6 h.
Reference PU samples were prepared by the same procedure but in the absence of CNT suspensions.
Characterization of Composites
The mechanical testing of dumbbell shaped sam ples was performed on a Zwick TC FR010TH Material Testing Machine at a stretching rate of 100 mm/min.
The thermomechanical behavior of polymers was investigated via the penetration method on a UIP 70M instrument equipped with a hemispherical quartz probe with a diameter of 2 mm. The load was 20 g, and the heating rate was 5 K/min. The samples were pellets 5 mm in diameter and ~3 mm in thickness.
Electronic micrographs were taken on a Philips EM 301 transmission electron microscope. The accelerating voltage was 80 kV. The samples were pre pared by the standard technique of carbon-platinum replicas [16] . To reveal structural heterogeneities, the surface of the cleaved sample was etched in oxygen plasma, and carbon was sprayed. A layer of platinum was sprayed on the as prepared carbon replica at an angle of 30°.
X ray scattering from PU samples was studied on a Belok synchrotron radiation setup [17] at a wave length of 0.9872 Å. The diameter of the radiation beam was ~1 mm; a composite rod 0.4 mm in thick ness was introduced inside this beam. The scattered radiation was registered with a Rayonix SX165 two dimensional detector (Marresearch) (2048 pixels × 2048 pixels). The two dimensional registration of X ray patterns followed by their transformation into one dimensional X ray patterns make it possible to plot the intensity of scattering as a function of diffrac tion angle I(2θ) with a high statistical accuracy [18, 19] . The positions of peaks were determined via inter polation by the pseudo Voigt function.
Absorption spectra were recorded in the range 500-2250 nm on a Shimadzu 3101PC spectropho tometer.
Raman spectra were measured on a Nicolet NXR FT Raman 9610 FT Raman spectrometer. The exci tation wavelength was 976 nm.
RESULTS AND DISCUSSION
The structure of ε caprolactam blocked adiprene, which is used in this study for the synthesis of PU, is as follows.
(1)
The exchange reaction with displacement of ε caprolactam and formation of thermally stable urea groups proceeds during thermal curing according to the following scheme. 
